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20.  ABSTRACT  (Continued) 

J instability  process,  leading  to  the  generation  of  magnetic-field-aligned 
irregularities  similar  to  those  produced  in  the  equatorial  ionosphere.  The 
naturally  produced  equatorial  irregularities,  called  spread-F,  are  regularly 
detected  by  magnetic-field-aligned  backscatter  radar  echoes  at  HF.  Therefore, 
an  attempt  was  made  by  SRI  International  to  detect  the  presence  of  irregular- 
ities in  the  Lagopedo  ionospheric  hole  by  the  same  HF  backscatter  means. 

This  report  describes  the  SRI  experimental  program.  The  SRI  HF  radar  was 
capable  of  detecting  field-aligned  irregularities  with  spatial  wavelengths 
between  (approximately)  5 and  10  m (16  MHz  to  32  MHz  radar  frequencies). 

System  sensitivity  was  a factor  of  200  to  800  times  more  sensitive  than  equa- 
torial equipment  used  at  comparable  frequencies.  An  additional  20  dB  of 
Doppler  processing  can  be  achieved  during  post-mission  data  reduction  if 
necessary.  The  magnetic  orthogonality  condition -was  met  in  the  vicinity  of 
the  Lagopedo  electron  depletion  regions,  yet  no  field-aligned  echoes  were 
observed. v Tests  in  the  field  certified  the  system  sensitivity  and  antenna 
characteristics.  We  are  led  to  believe  that  irregularities  with  wavelengths 
between  5 and  10  m were  very  weak  if  present  at  all.  Some  discussion  of  why 
this  might  have  been  so  is  presented. 

Echoes  lasting  several  seconds  following  the  detonation  of  the  second 
charge  were  detected  at  20  MHz.  No  explanation  for  this  observation  has  been 
generated. 
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1.  INTRODUCTION 


During  the  early  part  of  September  1977,  the  Los  Alamos  Scientific 

Laboratory  (LASL)  launched  into  the  post-sunset  ionosphere,  rockets 

carrying  the  explosive  nitromethane . The  detonation  of  this  material 

in  the  F-region  of  the  ionosphere  led  to  the  production  of  a region 

1 * 

depleted  in  free  electron  content — an  electron  hole.  The  purpose 
of  the  releases  by  LASL  was  to  study  ionospheric  chemistry. 

The  center  of  the  electron  hole  was  to  be  located  near  the  peak 
density  of  the  predetonation  F-layer.  Because  the  neutral  winds  at  this 
altitude  were  expected  to  be  rather  large,  it  was  believed  that  the 
gradient-drift  instability  would  be  operative  and  field-aligned 
irregularities  would  develop.  It  was  also  believed  that  this  unstable 
environment  was  amenable  to  numerical  simulation  by  digital  computer. 
Therefore,  it  seemed  desirable  to  perform  diagnostic  measurements  that 
would  detect  the  presence  of  these  instabilities,  or  striations  resulting 
from  the  instability,  and  measure  their  properties. 

SRI  International  (formerly  the  Stanford  Research  Institute) 
provided  a diagnostic  to  detect  whether  the  environment  actually  became 
unstable.  The  SRI  International  diagnostic  was  a radar  search  for 
magnetic-field-aligned  scattering  from  the  striations.  Striations  that 
are  produced  by  the  gradient-drift  instability  in  other  environments  are 
regularly  detected  by  this  radar  means.  In  particular,  equatorial 
spread-F  and  auroral-zone  F-region  irregularities  have  been  detected  by 
HF  radars.  Thus,  the  technique  has  proved  itself  as  a valuable 
diagnostic . 


* 

References  are  listed  at  the  end  of  this  report. 
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This  report  describes  the  SRI  International  radar  experiment. 
Section  2 very  briefly  outlines  the  ionospheric/explosive  products 


chemistry  that  is  responsible  for  producing  an  ionosph-  .c  hole,  the 
ideas  surrounding  the  expected  production  of  irregularities,  and  the 
concepts  involved  in  detecting  the  irregularities  by  radar  backscatter. 
Section  3 describes  the  experiment  plan  including  radar/release  geometry, 
rationale  behind  choice  of  radar  operation  frequency,  and  relates  equip- 
ment sensitivity  to  that  of  equipment  used  by  others  to  detect  F-region 
irregularities  at  the  equator.  Section  4 outlines  the  program  schedule 
and  presents  further  details  concerning  the  radar  operating  options. 
Section  5 describes  the  actual  radar  operation  and  results  obtained 
following  the  LASL  nitromethane  detonation.  Section  6 summarizes  and 
then  discusses  theoretical  concepts  that  provide  a rationale  to  explain 
the  negative  results  of  r ield-aligned  scattering  detection. 
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2.  BACKGROUND 


This  section  presents  a brief  discussion  of  the  LASL  rocket 
experiment.  We  also  discuss  the  concepts  involved  in  the  development 
of  irregularities  and  the  ionospheric  environmental  parameters  that 
are  thought  to  be  important.  The  section  ends  with  a discussion  of 

the  radar  scattering  phenomenon.  i 

2 . 1 F-Region  Chemistry  Produced  by  the  Detonation 

The  LASL  launched  two  rockets  bearing  payloads  of  88  kg  of 
nitromethane /ammonium  nitrate  explosive  into  the  peak  density  of  the 
F-region.1  The  detonation  of  the  explosive  at  that  altitude  produced 
C0V,  Hi;)0,  and  N,p  as  products  of  high-explosive  burn.  These  products 
rapidly  spread  outward  from  the  detonation  center  and  were  eventually 
slowed  by  collisions  with  the  ambient  atmospheric  species.  These 
products  were  expected  to  then  alter  the  ionospheric  chemistry  in  the 
detonation  region.2 

The  electron  density  in  the  F-region  is  normally  maintained  by  a 
balance  among  solar  ionization,  ultimate  conversion  of  the  ions  so 
produced  to  0+,  and  subsequent  disappearance  of  electrons  through  a 
two-step  process.  The  first  step  is  the  transfer  of  the  positive 
charge  of  the  atomic  0*  ions  by  ion-atom  interchange  with  N,,  to  produce 
NO*  and  N.  The  molecular  ion  NO*  subsequently  dissociative ly  recombines 
with  a free  electron.  The  total  time  constant  for  this  process  is 
determined  primarily  by  the  longer  time  constant  associated  with  the 

ion-atom  interchange  reaction.  This  time  constant  is  given  by  the  ! 

following  equation: 

t . = , 1 - = 6.8  • 10-i  s (1) 

ia  k., 
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whe  re 


\ 


-13  3 -1 

k9  = Rate  coefficient  = 7.3  • 10  cm  s 

8 —3 

N9  = Nitrogen  molecule  density  =2-10  cm  ' at  285  km. 

■f 

The  time  constant  for  the  next  step — dissociative  recombination  of  NO  — 
is  given  approximately  by  the  following  equation: 


T 

dr 


1 

2<y  N 

d e 


(2) 


where  o.  is  the  dissociative  recombination  coefficient,  and  N is  the 
d e 

+ 

electron  density.  The  direct  recombination  of  electrons  with  0 is  by 

5 

radiative  recombination,  which  has  a time  constant  on  the  order  of  10  s 
and  is  therefore  not  very  important  in  the  natural  ionosphere. 

The  introduction  into  the  F-region  of  the  complex  molecules  H90 

and  C0r;>  from  the  detonation  provides  a more  rapid  path  for  the 

disappearance  of  ionospheric  electrons  by  speeding  up  the  transfer 

+ 

of  the  positive  charge  from  0 to  a molecule,  which  is  then  followed 

by  rapid  recombination  with  free  electrons.  The  ionization  potential 

of  both  water  and  carbon  dioxide  are  significantly  lower  than  that  of 

atomic  oxygen.  Thus  charge  exchange  from  the  0 to  the  additive  molecules 

is  energetically  possible;  the  rate  coefficients  are  also  very  large. 

The  time  constant  for  this  charge  exchange  depends  on  the  density  of  these 

complex  molecules,  which  density  would  be  estimated  by  hydrodynamic-type 

calculations.  As  an  example,  if  18  kg  of  water  is  uniformly  distributed 

in  a sphere  50  km  in  diameter  (approximate  estimate),  the  H90  density 
7-3  + 

would  be  about  10  cm  . The  time  constant  for  0 charge  exchange  is 
then 
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47  s 


whe  re 


k,  = Rate  coefficient  = 2.3  • 
1 

N = Water  molecule  density  = 
h 


-9  3 

10  cm 

7 -3 

10  cm 


-1 
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This  time  constant  is  to  be  compared  with  the  value  of  6800  s 

(2  hours!)  produced  by  the  reaction  described  by  Eq . (1).  The  subsequent 

+ 

dissociative  recombination  of  electrons  with  H^O  proceeds  at  an  even 
faster  rate  than  with  the  NO+  molecules.  Thus,  the  addition  of  H,_,0 
and  CO^  into  the  F-region  is  expected  to  rapidly  produce  a rather  large, 
local  decrease  in  electron  density. 


2.2  Development  of  Irregularities  by  the  Gradient -Drif t Instability 
Process 

The  electron  hole,  of  course,  has  ion  gradients  at  its  edges.  At 
the  altitude  of  release  (order  of  260  to  280  km)  theoretical  estimates 
of  the  neutral-wind  velocity  indicate  neutral  flows  towards  the  east  with 
velocities  that  range  from  a low  of  40  m/s  to  as  high  as  100  m's. 
Therefore  the  side  of  the  electron  hole  through  which  the  wind  enters 
the  hole  should  be  unstable  to  the  gradient-drift  instability  process. 
Thus  if  the  electron  hole  is  maintained  for  a long  enough  period, 
ionized  striations  ought  to  develop  and  move  into  the  electron-depleted 
region.  No  estimates  have  been  supplied  to  us  by  those  knowledgeable  in 
these  phenomena  as  to  the  time  that  would  be  required  for  the  ionized 
irregularities  to  develop.  Based  on  experience  with  ionized  barium 
clouds,  we  have  assumed  that  it  will  take  on  the  order  of  30  minutes  for 
the  irregularities  to  appear.  If  they  develop,  then  we  expect  that  their 
presence  would  be  detected  by  radar  backscatter. 

2.3  Radar  Backscatter  Detection  of  Irregularities 

The  radar  backscatter  process  that  is  believed  responsible  for 
detecting  equatorial  and  auroral  spread-F  at  radar  frequencies  above 
the  F-region  plasma  frequency  is  called  field-aligned,  underdense  back- 

2 4 p 

scatter.  ’ ' Two  conditions  must  be  met  in  order  that  radar  energy  be 
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reflected  back  to  the  radar  receiver.  The  first  condition  i.j  that  the 
radar  waves  must  be  traveling  nearly  exactly  perpendicular  to  the 
earth's  magnetic  field  where  the  scattering  takes  place.  The  second 
condition  that  must  be  met  is  that  spatial  fluctuations  in  electron 
density  whose  spatial  wavelength  is  equal  to  one-half  the  radar  wave 
length  (inside  the  plasma  medium)  must  be  generated  by  the  instability 
process . 

Other  factors  that  play  a role  in  determining  whether  radar  echoes 
can  be  observed  are  as  follows:  The  level  of  fluctuation  in  electron 
density  must  be  sufficiently  large;  the  sensitivity  of  the  radar  equip- 
ment must  be  great  enough  or  else  the  amplitude  of  the  reflected  signals 
will  be  below  the  level  of  detectability;  and,  finally,  Faraday 
rotation  and  consequent  polarization  rotation  must  be  overcome  by  some 
means . 

The  choice  of  a radar  operating  frequency  for  the  Lagopedo  experi- 
ment was  based  on  experience  in  the  equatorial  region  where  field  aligned 
backscatter  is  regularly  used  to  detect  the  presence  of  equatorial 
spread  F.  Most  equipment  used  for  this  purpose  operates  in  the  HF  and  VHF 
bands  from  frequencies  on  the  order  of  18  MHz  to  55  MHz..  As  will  be 
shown  later,  the  SRI  radar  was  operated  at  frequencies  between  16  and  32 
MHz. 

2.4  Summary 

The  release  by  the  LASL  of  H^O  and  C09  into  the  F-region  was  expected 
to  produce  a depletion  of  electron  density  in  a spherical  region  that 
ought  to  be  on  the  order  of  50  km  in  diameter.  The  effects  of  these 
molecules  on  the  F-region  electron  density  and  ionic  chemistry  was 
monitored  by  a number  of  experiments  in  the  last  stage  of  the 
rocket  or  ground-based  in  the  launch  area.  Plasma  theoreticians  have 
hypothesized  that  the  neutral  winds  blowing  through  the  windward  wall 
of  the  electron  density  hole  will  cause  it  to  go  unstable  by  the 
gradient  drift  instability  process.  If  this  process  actually  occurs, 
then  the  striations  or  irregularities  that  develop  ought  to  be  detectable 
by  field-aligned  backscatter  of  radar  signals. 
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3.  EXPERIMENTAL  PLAN 


This  section  presents  the  considerations  that  led  to  the  field 
site  location  in  Hawaii.  Figure  1 is  a map  of  the  Hawaiian  Islands. 

The  map  shows  the  ultimate  location  of  the  radar  site  at  Honuapo  on 
the  large  island  of  Hawaii.  The  LASL  rockets  were  to  be  launched  in 
a northwesterly  direction  from  the  Barking  Sands  Launch  Facility  on 
the  west  coast  of  the  island  of  Kauai.  We  show  in  the  diagram  two 
circles  of  60  km  in  diameter  labeled  UNO  and  DOS.  These  represent  the 
approximate  diameter  and  the  locations  of  the  ionospheric  holes  that 
were  actually  produced  during  the  LASL  experiments.1  Since  the 
locations  are  almost  precisely  the  same  as  the  predictions,  we  show 
the  actual  release  locations  in  this  figure. 

The  radar  site  at  Honuapo  was  located  so  that  the  radar  beam  line 

would  be  exactly  perpendicular  to  the  earth's  magnetic  field  near  the 

release  points  for  infinite  frequency.  The  actual  ionosphere  causes 

refraction.  The  predictions  for  ionospheric  density  led  us  to  plan 

5 3 

for  a peak  F-region  density  of  4 X 10  el/cm  . We  also  show  in  the 

figure  approximate  orthogonality  contours  at  an  altitude  of  300  km  for 

5 

a peak  F-region  electron  density  at  300  km  of  the  predicted  4 x 10 

3 

el/cm  for  radar  frequencies  of  22.5  and  30  MHz.  These  contours  are 
approximate  because  they  depend  to  a slight  degree  on  the  details  of 
the  underlying  ionosphere  that  are  not  available. 

The  radar  site  was  located  on  the  southeastern  side  of  the  island 
of  Hawaii  in  such  a manner  that  a ridge  from  Mt . Mauna  Loa  would  limit 
the  radar  elevation  angles  to  viewing  above  10° ' . By  this  procedure, 
interference  caused  by  F-region  propagated  sea  backscatter  that  might 
appear  at  the  same  range  as  the  release  was  reduced.  The  release 
altitude  was  expected  to  be  between  260  and  300  km,  which  was  at  an 
elevation  angle  on  the  order  of  20  from  the  radar  site  at  a slant  range 
of  650  km. 
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The  equipment  parameters  were  chosen  by  comparing  the  sensitivity 
of  radar  systems  used  to  detect  equatorial  spread-F  with  radar  equipment 
available  at  SRI.  Table  1 presents  equipment  descriptions  of  three 
experiments  used  at  the  equator.  The  point-target  figure  of  merit 
relative  to  Clemesha's  experiment  summarizes  the  comparative  system 
sensitivities . 

The  one  outstanding  feature  of  these  data  are  that  Clemesha , working 
at  18  MHz,  was  able  to  use  a very  insensitive  radar  and  yet  detect  very 
strong  spread-F  signals.  At  the  other  frequency  extreme,  Balsley  et  al. , 
operating  at  55  MHz,  found  it  necessary  to  use  a system  with  sensitivity 
on  the  order  of  1000  times  as  great.  They  also  used  Doppler  processing 
that  gave  significant  additional  sensitivity.  It  was  apparent,  there- 
fore, that  the  underdense  backscatter  from  F-region  irregularities  has 
a very  steep  frequency  dependence.  Thus,  lower  frequencies  were 
preferred  because  of  the  apparently  larger  cross  sections  produced  by 
the  medium. 

The  radar  parameters  used  by  SRI  are  shown  in  the  last  column. 

The  radar  was  modified  to  be  operated  alternately  at  two  frequencies 
between  10  and  52  MHz.  During  this  modification  work,  it  was  also 
found  that  the  radar  could  be  modified  to  operate  sequentially  at  all 
40  of  its  frequencies.  Equipment  was  so  modified  to  operate  with  128 
pulses  per  frequency  in  a phase-coherent  manner.  In  this  way  an 
additional  20  dB  of  sensitivity  can  be  achieved  through  Doppler  processing 
Multiple  frequencies  also  mitigate  loss  of  return  because  of  Faraday 
rotation,  and  also  provide  protection  against  interference  from  nearby 
radio  transmitters. 

The  bottom  line  presents  the  relative  single-pulse,  point-tt rget 
sensitivity  of  each  of  the  four  radars  described.  The  table  she  s that 
the  SRI  equipment  was  from  200  to  800  times  more  sensitive  than  radars 
used  at  the  equator  at  comparable  frequencies.  Through  Doppler  processing 
an  additional  multiplying  factor  of  100  (20  dB)  can  be  achieved. 


Table  1 

COMPARISON  OF  SYSTEM  PARAMETERS  FOR  THE 
LAGOPEDO  FIELD-ALIGNED  RADAR  BACKSCATTER  EXPERIMENT 


INVESTIGATOR 

LOCATION 

FREQUENCY  (MHz) 

PEAK  POWER  (kW) 

PULSE  LENGTH  (pis) 

ANTENNA 

DESCRIPTION 

ANTENNA  GAIN  <dB) 

POINT  TARGET 
FIGURE  OF  MERIT 
(PtG2Xt) 


SYSTEMS  USED  TO  DETECT  AND  STUDY 
EQUATORIAL  F-REGION  IRREGULARITIES 

LAGOPEDO 

CLEMESHA3 

KELLEHER 

SKINNER"1 

BALSLEY 

HAERENDEL 

GREENWALD5 

SRI 

INTERNATIONAL 

LEGON, 

GHANA 

NAIROBI, 

KENYA 

THUMBA, 

INDIA 

HANUAPO, 

HAWAII 

18 

27.8 

55 

16-32 

1.0 

2.0 

8.0 

30.0 

300 

1000 

50-200 

250 

3 ELEMENT 
YAGI 

6 DIPOLES 
AND 

5 ELEMENT 
YAGI 

208  DIPOLES 
WITH 

REFLECTORS 

4 LOG 

PERIODICS 

< 10 

~11 

<12 

~ 27 

~ 17 

1.0 

1.33 

360,  1435 

198,  794 

4.  PREPARATIONS  AND  SCHEDULE 


Work  was  initiated  on  refurbishing  the  radar  equipment,  radar  van, 
and  computer  equipment  in  early  June  1977.  Antenna  design  and  pattern 
calculations  were  performed  during  the  same  period  and  led  to  the  choice 
of  four  ganged  log-periodic  antennas.  Figure  2 shows  horizontal  antenna 
patterns  at  the  extreme  frequencies  used  in  this  experiment.  The  choice 
of  these  beamwidths  seemed  adequate  to  cover  anticipated  motion  of  the 
ionospheric  hole.  Table  2 presents  a summary  of  radar  operating  options. 


Table  2 

SRI  LAGOPEDO  RADAR  PARAMETERS 
EXCLUSIVE  OF  ANTENNA  CHARACTERISTICS 


Receiver 

Frequency  coverage:  2-32  MHz 

Receiver  bandwidth:  16  kHz  and  4 kHz 

10  kHz  and  500  kHz  video  out  (phase  coherent) 

Transmitter 

Transmitter  power:  30  kW  peak  pulse 
Maximum  duty  at  rated  output:  0.02  (2°',) 

Pulsewidth : 50,  100,  200,  500,  100  ps 

PRF : 2,  5,  10,  20,  50,  100  per  second 


Equipment  was  shipped  by  Matson  Lines  to  Hilo,  Hawaii  on  12  August, 
arriving  in  Hilo  on  17  August.  The  radar  was  installed  at  the  Honuapo 
field  site  and  was  operational  for  the  first  I,agopedo  release  on  the 
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ANGLE  — deg 

(a)  COMPUTED  HORIZONTAL  BEAM  PATTERN  FOR  16  MHz  AND  32  MHz 


FREQUENCY  — MHz 

lb)  ANTENNA  3-dB  AZIMUTHAL  BEAMWIDTH  vs  FREQUENCY 

FIGURE  2 COMPUTED  BEAM  PATTERNS  (relative  gain  vs  angle)  FOR  SRI  LAGOPEDO  RADAR 
SYSTEM,  AND  ANTENNA  3-dB  BEAMWIDTH  vs  FREQUENCY 
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evening  of  1 September  (Hawaiian  time).  During  the  period  between 
installation  and  equipment  tear-down  on  12  September  (Hawaiian  time), 
studies  were  also  made  of  meteor  backscatter  echoes,  and  sea  backscatter 
echoes  propagated  via  the  F-region.  These  studies  were  performed  to 
confirm  that  the  antenna  beam  characteristics,  including  the  effects  of 
the  mountain  as  a clutter  fence,  were  consistent  with  our  theoretical 
expectations . 

Equipment  was  returned  via  Matson  Lines  to  SRI  during  the  middle 
of  September  1977. 
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5.  RESULTS 

Table  3 presents  the  statistics  regarding  the  Lagopedo  actual 
releases  UNO  and  DOS . On  event  Lagopedo  UNO,  no  effects  of  the 
detonation  were  observed  by  the  radar.  The  equipment  was  operated 
for  one  hour  after  release,  searching  for  field-line  irregularities. 

No  irregularities  were  observed  in  real  time  by  radar  operators  nor 
in  range-time-intensity  (RTI)  records  produced  back  at  SRI.  Data  were 
recorded  digitally  on  magnetic  tape  so  that,  should  it  be  of  interest, 
a further  search  may  be  made  using  Doppler  processing  for  an  additional 
20  dB  of  signal  sensitivity. 

On  event  DOS , the  radar  was  operated  for  several  minutes  before 
and  after  anticipated  release  time  at  a fixed  frequency  of  20  MHz. 

This  frequency  was  chosen  because  it  was  free  of  propagated  inter- 
ference. The  detonation  led  to  an  environment  that  was  detected  as  a 
radar  echo.  Figure  3 presents  an  RTI  plot  that  shows  this  echo.  The 
explosion  echo  is  seen  as  the  darkened  region  at  a virtual  slant  range 
of  720  km  at  0604:10  UT. 

Though  the  NOAA  digisonde  located  at  Kauai  detected  weak  spread  F 
throughout  the  evening  not  associated  with  the  release,  no  naturally 
produced  field-aligned  echoes  were  detected  by  the  SRI  radar.  The 
radar  was  operated  for  an  hour  after  release.  No  release-associated 
field-aligned  echoes  were  observed  to  develop  during  this  operating 
period . 
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Event  UNO 


Event  DOS 


SKI  Radar  Location 

Latitude  (°N) 

19.092 

19.092 

Longitude  (°W) 

155.55 

155.55 

Release  Parameters  (Ref.  1) 

Event  time  (UT) 

0554:00  9/2/77 

0604:10  9/12/77 

Event  time  (HT) 

1954:00  9/1/77 

2004:10  9/11/77 

Event  altitude  (km) 

261.22 

282.86 

Event  latitude  (°N) 

22.279 

22.262 

Event  longitude  (°W) 

159.982 

160.351 

Released  in  sunlight 

Yes 

No 

Release  Geometry  Relative  to  SRI  Radar 

Azimuth  (deg) 

308.3 

306.0 

Elevation  (deg) 

21.13 

20.0 

Slant  range  (km) 

648.0 

675.9 

Great  circle  distance  (km) 

581.4 

611.2 

Ionospheric  Parameters  (Ref.  1) 

Peak  electron  density  (el/cm'S 

1.0  x ioe 

3.4  X 105 

Height  of  peak  (km) 

275 

323 

F2  layer  scale  height  (km) 

42 

65 

Stability 

Stable 

Weak  spread-F 
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6.  CONCLUSIONS  AND  SUMMARY 


Radar  equipment  to  detect  magnetic-field-aligned  irregularities 
that  might  have  grown  on  the  edges  of  the  hole  were  installed  and  made 
operational  in  time  for  the  first  LASL  Lagopedo  release.  Tests  on 
meteor  backscatter,  F-region-propagated  sea  backscatter,  and  standard 
radar  calibrating  procedures  showed  that  the  equipment  sensitivity, 
including  antenna  characteristics,  were  as  planned. 

During  the  Lagopedo  release  experiments,  the  radar  was  operated  in 
a step-frequency  mode  from  16  through  32  MHz,  128  pulses  per  frequency, 
and  a pulsewidth  of  200  ps  at  a PRF  of  50  or  100  Hz  during  the  search 
for  field-aligned  echoes.  The  releases  took  place  in  locations  very 
close  to  those  used  in  planning  the  experiment.  Therefore,  we  have  every 
reason  to  believe  that  the  magnetic  orthogonality  condition  was  met  at 
some  radar  frequencies  at  some  places  in  the  cloud  throughout  the  entire 
one-hour  observing  period  following  detonation.  We  conclude  that  if 
irregularities  did  form  on  the  side  of  the  Lagopedo  electron  depletion 
region,  then  the  gradients  in  electron  density  were  sufficiently  gradual 
that  the  radar  reflectivity  was  below  our  detectability. 

In  planning  for  this  experiment,  some  theoretical  studies  were 
performed  to  attempt  to  explain  why  equatorial  F-region  irregularities 
were  so  very  easily  detected  at  18  and  28  MHz.  but  were,  by  comparison, 
very  weak  at  55  MHz.  Based  on  studies  of  barium  clouds  as  well  as 
in-situ  measurements  in  equatorial  spread-F,  we  are  of  the  opinion  that 
the  field-aligned  echoes  are  produced  by  reflections  off  the  gradients 
(edges)  of  the  irregularity  structures. 

We  assume  that  in  a very  dynamically  unstable  environment,  the 
steepest  ion  gradient  that  can  develop  is  that  determined  by  the  gyro- 
radius  distribution  for  oxygen  ions.  Figure  4 shows  the  results  of 
calculations  of  the  reflectivity  coefficient  versus  frequency  for  this 
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type  of  gradient.  The  calculations  were  performed  for  three  different 
ionospheric  temperatures,  and  for  three  values  of  electron  density  at 
each  temperature.  These  data  show  an  extremely  steep  frequency 
dependence  that  is  needed  to  explain  the  character  of  the  various  types 
of  instrumentation  required  for  detection  of  equatorial  spread-F  as 
outlined  in  Table  1. 

The  data  in  Figure  4 may  also  be  viewed  as  providing  the  reflectivity 
coefficient  for  a plasmic  gradient  with  gradient  distances  of  1.25  m 
(curves  labeled  T = 250  K) , 2.5  m (curves  labeled  T = 1000  K) , and  5 m 
(curves  labeled  T = 4000  K) . Viewed  in  this  light,  if  irregularities  do 
form  but  are  not  extremely  dynamic,  then  the  gradient  at  irregularity 
edges  would  be  spread  by  diffusion  so  that  the  gradient  would  be  more 
gradual  than  the  limiting  value  produced  by  the  gyroradius  distribution. 
Thus,  if  the  weak,  naturally  produced  spread-F  that  was  detected  by  the 
NOAA  digisonde  but  not  by  the  SRI  radar  was  due  to  irregularities 
similar  in  character  to  equatorial  spread-F,  then  we  would  have  to 
conclude  that  the  irregularity  environment  was  weak  so  that  the  steep 
gradients  needed  for  underdense  scattering  at  the  SRI  radar  frequencies 
were  not  produced. 

The  NOAA  digisonde  detected  both  of  the  electron  depletion  regions 
by  multiple  reflection  paths  inside  the  holes.  The  digisonde  data  do 
not  give  any  indication  that  the  electron  depletion  regions  produced 
field-aligned  irregularities;  however,  it  was  not  anticipated  that  the 
instrument  would  indicate  the  presence  of  such  irregularities.  The 
SRI  radar  detected  no  field-aligned  irregularities  associated  with  the 
release.  We  conclude  that  probably  no  irregularities  formed,  but  if  they 
did,  on  the  basis  of  the  concepts  that  led  to  the  data  in  Figure  4,  the 
gradients  on  the  edges  of  striations  were  more  shallow  than  those 
associated  with  the  dynamic  situation  found  in  the  equatorial  region. 
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